From previous samples of Red Supergiants (RSGs) by various groups, 191 objects are assembled to compose a large sample of RSG candidates in LMC. For 189 of them, the identity as a RSG is verified by their brightness and color indexes in several nearand mid-infrared bands related to the 2MASS JHKs bands and the Spitzer /IRAC and Spitzer /MIPS bands. From the visual time-series photometric observations by the ASAS and MACHO projects which cover nearly 8-10 years, the period and amplitude of light variation are analyzed carefully using both the PDM and Period04 methods. According to the properties of light variation, these objects are classified into five categories: (1) 20 objects are saturated in photometry or located in crowded stellar field with poor photometric results, (2) 35 objects with too complex variation to have any certain period, (3) 23 objects with irregular variation, (4) 16 objects with semi-regular variation, and (5) 95 objects with Long Secondary Period (LSP) among which 31 have distinguishable short period, and 51 have a long period shorter than 3000 days that can be determined with reasonable accuracy. For the semi-regular variables and the LSP variables with distinguishable short period, the period-luminosity relation is analyzed in the visual, near-infrared and mid-infrared bands. It is found that the P-L relation is tight in the infrared bands such as the 2MASS JHKs bands and the Spitzer /IRAC bands, in particular in the Spitzer /IRAC [3.6] and [4.5] bands; meanwhile, the P-L relation is relatively sparse in the V band which may be caused by the inhomogeneous interstellar extinction. The results are compared with others' P-L relationships for RSGs and the P-L sequences of red giants in LMC.
Introduction
Red SuperGiants (RSGs) are evolved, He-burning, extreme Population I stars with moderately high mass (10-25 M ⊙ ) and a degenerate core. They have very large radii (200-1500 R ⊙ ) , and spectral types of M or late-K (T eff ≈ 3000 ∼ 4000K) (Massey et al. 2008) . The very large radii makes them one class of the most luminous stars. Besides, they have large mass loss rate (MLR) which produces strong stellar wind or even superwind from the outer layer and creates a dusty envelope around the central star. For this reason, RSGs contribute to the interstellar medium, nucleosynthesis and chemical evolution of galaxies (Fusi-Pecci & Renzini 1976; Reimers 1977; Chiosi et al. 1978; Stothers & Chin 1979; Maeder 1981; Chiosi & Maeder 1986; MacGregor & Stencel 1992) .
One interesting characteristic of RSGs is that they show optical variability with relatively long period. Some of them are semi-regular variable and referred to as Long Period Variable stars (LPVs). Indeed, LPVs generally include two major types: the Asymptotic Giant Branch stars (AGBs) and the RSGs. Both are luminous with M bol −6 (Wood et al. 1983 ) and have a variation period ranging from several hundreds to thousand days. The AGB stars often have large amplitude and well-pronounced periodicity while RSGs have small amplitude and not so regular periodicity. A lot of research has been devoted to the study of the long-term variability of RSGs and divided them ambiguously into two groups, the semi-regular and the irregular. The division is ambiguous mostly because of the blurred boundary between the semi-regular and the irregular behavior so that sometimes arbitrary decisions are made for the boundary objects. In the General Catalogue of Variable Stars (GCVS; Kholopov et al. (1985 Kholopov et al. ( -1988 ), SRc and Lc are the two types of RSGs corresponding to the semi-regular and the irregular respectively. Even SRc exhibits two kinds of variation. One is the shorter-period variation characterized by a time scale of several hundreds or less days and identified as the radial pulsation at the fundamental, first and possibly second overtone mode (Stothers 1969; Wood et al. 1983; Lovy et al. 1984; Schaller 1990; Li & Gong 1994; Heger et al. 1997; Guo & Li 2002) . The other is the longer-period variation with a period longer than 1000 days, also known as Long Secondary Period (LSP) and found additionally in AGBs and Red Giant stars (RGs) (Stothers 1972; Percy & Bagby 1999; Olivier & Wood 2003; Derekas et al. 2006; Soszyński 2007; Fraser et al. 2008; Wood & Nicholls 2009 ). The mechanism for this LSP is still unknown. The models like binary, pulsation, convection cell and surface hot spot are proposed but none of them agrees with all the observations and theoretical expectations (Buscher et al. 1990; Wilson et al. 1992; Tuthill et al. 1997; Groenewegen 2004; Wood et al. 2004; Kiss et al. 2006; Messina 2007; Haubois et al. 2009; Nie et al. 2010) . Concerning Lc, the irregular variation is considered to be caused by large convection cells which can account for the entire or part of the variation. This scenario is consistent with the profile of the light curve that has an irregular pattern overlying a regular pattern (Schwarzschild 1975; Antia et al. 1984; Kiss et al. 2006 ).
The difficulty of observing RSGs is the very long time scale of variation. Without multi-cycle coverage of light variation, it is hard even to fully characterize their variation in luminosity, in particular for those with the variation time scale as long as a few thousands of days. Fortunately, with the help of robotic telescopes, long-term photometric monitoring of RSGs is carried out in the past decade which gives us an opportunity to investigate their light variation with a more solid observational base. Kiss et al. (2006) have done a comprehensive study of 48 Galactic RSGs using long-term visual light curves collected by the American Association of Variable Star Observers (AAVSO) with a full span of time of about 60 years. They found semi-regular, irregular variables and LSPs in their targets. Very recently, using a 10-year photometric monitoring dataset by All Sky Automated Survey (ASAS), Szczygie l et al. (2010) reported their work of discovering 85 semior non-periodic RSGs in LMC which are included in our study.
The period-luminosity (P-L) relation of RSGs has aroused much interest. The great intrinsic luminosity of RSGs makes them bright enough to be observed even in distant galaxies. Glass (1979) first discussed the potential of using RSGs as an extragalactic distance indicator. Later, infrared surveys of RSGs in the LMC and SMC by Feast et al. (1980) and Catchpole & Feast (1981) yielded a rough P-L relation. Wood et al. (1983) also made use of infrared JHK photometry and lowdispersion red spectrum to investigate the LPVs in the LMC and SMC. They suggested a criterion to distinguish AGB stars and RSGs by M bol = −7.1, which needs reexamination since some super-AGB stars can be so bright as M bol is up to -8 mag (Poelarends et al. 2008) . Nevertheless, they found that RSGs follow a P-L sequence which is approximately one magnitude brighter than AGBs in the K band. Several other groups have studied the P-L relation of RSGs in multiple bands at different distance scales such as in the Milky Way, LMC, SMC and M33 (Feast et al. 1980; Catchpole & Feast 1981; Kinman et al. 1987; Pierce et al. 2000; Kiss et al. 2006) . Pierce et al. (2000) re-calibrated the RSG P-L relations in Per OB1, LMC and M33 in various bands and suggested a uniform relation in these heterogeneous environments which can be used to measure the distance to M101. Meanwhile, Kiss et al. (2006) , based on the analysis of 48 Galactic RSGs with almost 60-years' data, obtained a P-L relation which is similar to that of AGB stars in LMC. The conclusions from various researchers have some discrepancies, which could be caused by the volume of the sample, the accuracy of the periods or the indicator of the luminosity. In present work, we re-analyze the P-L relation of RSGs in LMC, by carefully selecting a large sample, and by using the most up-to-date photometric data and a few new luminosity indicators.
Sample Selection and Data Analysis
First of all, to have a pure and as large as possible sample is the basis to determine a reliable P-L relationship. But this is a difficult task, because RSGs are easily confused with AGB stars since both are red and luminous. Previous works selected the sample of RSGs in LMC by non-uniform criteria. Early in 1980, Feast et al. (1980) identified 24 RSGs from their period and luminosity based on the old Harvard work which included 7 stars from Glass (1979) . Wood et al. (1983) produced a new catalog of 26 sources by a detailed analysis of their near-infrared photometry and low-dispersion red spectrum. This catalog became the resource of Pierce et al. (2000) to make their list of 24 RSGs after excluding those which could be AGB stars with a period shorter than 400 days. The sample was largely extended by Massey & Olsen (2003) to be consisted of 158 sources through multi-object spectroscopy of a sample of red stars identified by Massey (2002) . They simultaneously made use of high-accuracy (< 1 km s −1 ) radial velocities for all the candidates to confirm them as RSGs. Recently, Kastner et al. (2008) selected another sample in a new way, i.e. by choosing the most mid-IR-luminous stars from the 2MASS-MSX -Spitzer photometric surveys, meanwhile Buchanan et al. (2009) had a supplement to this paper that identified additional seven objects as RSGs via their Spitzer spectral features and luminosity.
To make a sample as complete as possible, we compiled the samples from Feast et al. (1980) , Pierce et al. (2000) , Massey & Olsen (2003) , and Kastner et al. (2008) altogether as a first step. This preliminary catalog contains in total 232 objects. Actually, these samples overlap, so we adopt the sources by the order of publication to subtract previous sources from following papers. After this, the sample is consisted of 200 stars, specifically 23 from Feast et al. (1980) , 11 from Pierce et al. (2000) , 140 from Massey & Olsen (2003) , and 26 from Kastner et al. (2008) .
For the light variation, the time-series photometric data in the visual bands are taken from the databases of the All Sky Automated Survey (ASAS) (Pojmanski 2002 ) and the MAssive Compact Halo Objects (MACHO) projects (Alcock et al. 1997) . Although the Optical Gravitational Lensing Experiment (OGLE) (Szymanski 2005) seems to be a good resource as it also observes LMC for several years, it does not provide useful photometric data due to that all targets are saturated in its I band. The one-epoch near-and mid-infrared photometric data are retrieved from the Two Micron All Sky Survey(2MASS) (Skrutskie et al. 2006 ) PSC, and the Spitzer /SAGE Legacy Program (Meixner et al. 2006 ) database.
Color-Magnitude Diagrams and Two-Color Diagrams
Because RSGs are easily confused with bright AGB stars and blue supergiants if judged only from the brightness, we need to examine the sample to make sure that every source in the sample is a true RSG. To identify the RSGs, the basic criterion is the brightness, and modified by the effective temperature. Thus the color-magnitude diagrams (CMDs) and two-color diagrams (TCDs) are the tools. Although they should be red and luminous, RSGs always have heavy dusty envelopes due to large mass loss rate which cause large extinction at shorter wavelengths but much less at longer wavelengths. To avoid the effect of extinction as much as possible, we choose the near-and mid-infrared bands of 2MASS and Spitzer /SAGE where the extinction is much smaller than in the optical bands. For the infrared magnitudes, the SAGE Winter '08 IRAC Catalog is selected because it includes the Epoch 1 and Epoch 2 (the SAGE project is composed of two-epoch observations) IRAC images and is already cross-associated with the 2MASS Point Source Catalog (Cutri & 2MASS 2004) . This is a highly reliable catalog as a subset of the IRAC Archive catalog through strict selection. In addition, we also use the SAGE Winter '08 MIPS 24µm Catalog that is cross-associated with the SAGE Winter '08 IRAC catalog. More details about the SAGE catalogs can be found in Meixner et al. (2006) and the SAGE Data Description Document 1 .
The RSG candidates are cross-identified in the SAGE catalog by a 1 ′′ search radius that coincides with the nominal pointing accuracy of Spitzer and choosing the closest and brightest counterpart from the objects within the search circle. Actually, because RSGs are of great intrinsic luminosity and located always in sparse stellar field, the 1 ′′ search radius only results in one counterpart for each source. In addition, even the source has null bands in the 2MASS/JHKs or Spitzer /IRAC bands, it is retained other than dropped. Nine targets which have no counterpart in the infrared catalog within the search circle are dropped. As the final SAGE catalogue is yet to be released, the Epoch 1 and Epoch 2 data are still separated, but the differences in the infrared magnitudes between them are less than one percent and negligible. Therefore, we used the Epoch which has more sources and extracted the rest from the other Epoch. For example, the Massey sample has more sources in Epoch 2 in the IRAC bands, while more sources in Epoch 1 in the MIPS bands. As a result, all the sources have photometric measurements for the integral wavelength range covering from the J (1.2µm) band to the MIPS 24µm band that would give a better identification and comprehensive view of infrared properties of RSGs. Finally, the sample is consisted of 191 sources. Fig. 1 shows the spatial distribution of all the 191 stars superposed on the Spitzer /SAGE 8 µm mosaic image. We note that many stars clump near the 30 Doradus area. Table 1 lists their coordinates and infrared magnitudes, where the '-' symbol denotes the data is missing in the corresponding band, in total, 28 measurements (with 13 at 24µm) are missing for 21 objects, as well as the resources for photometric data and the reference. Table 1 ) without the J and K S band data are absent in this diagram. In Fig. 2 , most RSG candidates locate within a region of 6.5 < K S < 10 and 0.5 < J − K S < 1.6 which corresponds to the H region of Nikolaev & Weinberg (2000) for the LMC K∼M supergiants but has a higher tip. This means that our sample extends to more luminous sources.
For identification, we set the boundaries of luminosity and color index. According to the mass-luminosity relation for massive stars (9 − 30M ⊙ ), L/L ⊙ = (M/M ⊙ ) γ with γ very close to 4.0 (Stothers & Leung 1971) , the luminosity range of RSGs is 10 4 − 25 4 L ⊙ with the mass range 10 − 25M ⊙ , which can be converted to the absolute bolometric magnitude M bol = 4.74 − 2.5 log(L/L ⊙ ) to range from -9.58 to -5.26. Furthermore, M bol is converted to the K band magnitude from m bol = m K + 3 (Josselin et al. 2000) . A distance modulus of 18.41 mag (Macri et al. 2006 ) is used to convert the observed K S to the absolute magnitude. Because the difference of magnitude between the K and K S bands is very small and can be ignored, we finally get the K S band magnitude should be between 5.83 mag and 10.15 mag, shown as the dashed horizontal lines in Fig 2. For the color index J − K S , the lower limit is 0.5, the same as the lower observational boundary of Josselin et al. (2000) and the upper limit is 1.6, the same as the boundary of carbon-rich stars defined by Hughes & Wood (1990) . These limits also are consistent with the color indexes of most candidates. Additionally marked by dotted line in Fig. 2 is the criterion of M bol = −7.1 which was proposed to distinguish the AGBs and RSGs by Wood et al. (1983) . It can be seen that this criterion would leave a third of our targets out and difficult to reconcile with others. Besides clustering in Fig. 2 , the RSGs exhibit an upward tendency toward the red end in J − K S , which indicates a higher mass loss rate at higher K S luminosity. This tendency becomes clearer at longer wavelengths in subsequent analysis. The broadening of the sequence may be caused by different MLR. In this CMD, there are a few candidates lying outside the boundaries. In the far upright of this figure are No.2 and No.167, they exceed a little bit the upper limit of J − K S = 1.6. No.58 is too faint to satisfy the lower limit of K S band luminosity. From Fig. 2 , the identification of the RSG candidates is almost finished. Meanwhile, RSGs are in the evolved phase and have large MLR. Several authors observed that RSGs have circumstellar dust features from 8µm to 12µm (Hagen 1978; Skinner & Whitmore 1988; Josselin et al. 2000) , mainly the 9.7µm silicate feature and the 12.1µm feature. Therefore, in order to further confirm the identification of RSGs, the color index involving a MIR band should be helpful.
In Nos.8, 73, 75, 93, 117, 147, 161, 167, 169, 182, 184 and 189 lack the [24] band data, they are absent in this diagram. The targets are divided clearly into two groups. The targets from Kastner et al. (2008) , Pierce et al. (2000) and Feast et al. (1980) (Verhoelst et al. 2009). Nos.51, 53, 58, 70, 82, 98, 129, and 181 From the CMDs and TCDs, it can be seen that there are about two dozens massive sources from Bonanos et al. (2009) which locate in the same regions in these diagrams as RSGs but are not included in the sample. These sources are not included in previous studies like spectroscopy or detailed analysis, but they may be RSGs judged from their luminosity and colors. Further observations are needed. This shortage indicates that the present sample of RSGs is not complete, but seems to include most RSGs.
Period Determination and Analysis
To collect as long as possible light curves which would make more accurate period determination, we browsed the online databases of the ASAS and MACHO projects to search for all useful data. Most of our photometry data comes from ASAS because RSGs, except several heavy-envelopsurrounding targets with excess visual extinction, easily get saturated in the MACHO observation due to their great intrinsic luminosity . The V magnitude is expected to be brighter than about 14 mag for RSGs in LMC, estimated from the minimum mass of RSGs and the distance modulus of LMC, while the saturation limit is on average about 13 mag in the KronCousins V band and about 14 mag in the R band (Kem Cook, private communication) for the MACHO project. Sometimes, an abnormal light curve is still retrieved from the MACHO database for a target even it is saturated. As the saturation magnitude depends on the seeing, the MACHO photometry code SoDOPHOT (basically DoPhot) can measure more photo-electrons for a stellar image at worse seeing than average condition. But for this to work, the template image should not be saturated. The abnormal light curve is indeed caused by the saturated template image. Thus, all abnormal light curves are dropped. The photometric precision of MACHO is about 0.02 magnitude, as an internal error, in both bands of its own two-color system in field-overlap regions for the brightness between 13 ∼ 18 mag in the V band (Alcock et al. 1999) . ASAS has an average precision of about 0.05 mag, but in some cases (due to problems with flat-fielding and lack of color information) the errors could be 0.1 magnitude or larger (Pojmanski 2002) . Although the ASAS photometric precision is slightly lower than the MACHO project, it better fits the high luminosity of RSGs and the numerous observations can compensate partly for the precision. In addition, by deleting the low-quality data, the ASAS data have reasonably good precision and time coverage to derive typical optical variation properties of RSGs.
The way to handle the photometric data depends on the datasets. For ASAS, the standard Johnson V band data are used since the released continuous I band data cover only about 500 days. Because the search radius is fixed as 30 ′′ to retrieve the photometric data from the project website, it does need to check the DSS image for the input coordinates how many stars fall into the search circle. For the coordinates of each target, the counterpart is accepted only when its distance to the target is less than 10 ′′ and its average V band magnitude brighter than 14 mag (for a good S/N to be achieved by ASAS) (Grzegorz Pojmanski, private communication). The criteria exclude 16 targets with large coordinate deviations and 14 targets with more than two sources in the 10 ′′ circle. Moreover, the processed online ASAS data are graded into four levels marked by A to D that indicate the photometric quality for each aperture, and we only make use of the A data with the best quality. We also removed the points which lay more than 3σ away from a resistant estimate of the dispersion of the light curve distribution, where σ is the standard deviation (Hoaglin et al. 1983 ). This selection removes most of the outlying points. Except some poor photometric measurements, there are 161 targets with ASAS data useful. Among them, according to the previous identifications based on the CMDs and TCDs, No.2 has large coordinate deviation and No.167 has good photometry. After excluding No.167, 160 targets have ASAS data available. Then the least-square (Savitzky-Golay) polynomial smoothing filter is applied to the light curve, which would reduce noise greatly in the time-series data but retain dynamic range of variations in the data (Press et al. 1992) . The process of handling the ASAS photometric data is shown in the left column of Fig. 6 for one target.
For MACHO, the non-standard two-color photometric system magnitudes are transformed to the standard Kron-Cousins V and R system by modifying the formulae of Alcock et al. (1999) as V = V M,t +a0+1.089(a1+0.022X t )+co+2.5 log(ET ) and R = R M,t +b0+1.089(b1+0.004X t )+co+ 2.5 log(ET ) in which the arithmetic average of V-R=1.089 of RSGs is adopted from Levesque et al. (2006) . The search radius is 3 ′′ thanks to the high-accuracy positioning system and the large aperture of the MACHO telescope. The MACHO project finally provides the photometric data for 18 targets. Among them, 9 targets do not have ASAS data due to the coordinate deviation and the others have useful ASAS photometry data. The outliers in the CMDs and TCDs in previous section do not have any MACHO data available. Because of the low temperature and thick envelope, RSGs are usually quite red and brighter in the R band than in the V band. They are easily saturated in the R band and left with only the K-C V band data useful. In the process to convert the template magnitude to the standard system, the correction for the air mass, if following the average parameters of the system, would bring about large uncertainty in the case of large air mass, which can be understood as the atmosphere changes greatly from night to night. The data points with airmass larger than 2.0 are thus deleted, which does not affect the accuracy of the period significantly as the measurements for every source are numerous. Besides, the measurement with photometric error bigger than 0.2 mag is also removed. At last, combining the ASAS and MACHO data, 169 targets have the photometry data available and useful. The resource for each target is labeled by 'M' for MACHO and 'A' for ASAS in Table 1 .
RSGs are found to be variable for long time. But their variation is not very regular, which makes the period determination a tough task. On the other hand, an accurate determination of the period is the key to the period-luminosity relation. In order to be certain about the period, a couple of methods are used to obtain the most consistent period.
First, a simple and effective way, the Phase Dispersion Minimization (PDM) method (Stellingwerf 1978) , is used to find the light variation period. In brief, the PDM method folds the data at a range of trying periods, divides the folded data into a series of bins and computes the variance of the amplitude within each bin. The bin variances are combined and compared to the overall variance of the data set. For a true period, the ratio of the bin to the total variances, defined as theta (Θ), should be the minimum and for a false period the ratio is approximately unity. This method is very useful in particular for data sets with gaps and non-sinusoidal variations. Since the light variation of RSGs is mostly non-sinusoidal, PDM is an appropriate technique. There is an empirical tip when using this method, i.e., one should estimate the rough period range via eyes, because the harmonics of the periods would also produce very small theta, even smaller than the theta value at the true period. A sample of the PDM processing is shown in the right column in Fig. 6 .
Although PDM is an outstanding method to detect the light variation period, there are still some obstacles. A major problem is that our data has a time span of about 3000 days which is sufficient to determine the moderately long periods, but not long enough for the periods over 1500 days because the time coverage is less than two periods. Actually, Long Secondary Periods (LSPs) which are found in the AGBs and RGs variables are also present in RSGs. The LSPs are often thousands of days long, sometimes exceeding the time span of the data set and leading to an unreliable period determination by PDM. In such case, the Period04 (Lenz 2004 ) method based on the Fourier transform works better. So, in addition to the PDM method, Period04 is also used to analyze the variability of the targets. One purpose of using Period04 is to extract the long LSP in some cases, the other is to confirm the period derived from PDM. For the later purpose, Period04 implements iterative sinusoid fitting to fit and subtract a sinusoid match with the frequency at the highest peak in power spectrum in each iteration. After first iteration, the residual data are used to calculate the power spectrum in the following iterations. The iteration is stopped until the highest peak in the residual spectrum is less than four times of the noise level. A sample of Period04 processing is shown in Fig. 7 . Only when the periods derived from PDM and Period04 agree with each other, is the period regarded as true. Fig. 8 shows a comparison of the periods derived from PDM and Period04, and the inset is the histogram of the difference between these two periods for 47 RSGs. It can be seen that the difference is mostly less than 10 days. From the consistency between PDM and Period04, the period is regarded to be real.
Period-Luminosity Relation
According to the analysis of the time-series photometric data, the targets are divided into five categories. The first category includes 20 RSGs. They are either too bright and saturated in photometry or in a crowded stellar field or having a close companion impossible to resolve. These stars have poor photometry data and are not considered for any further analysis. The second category includes 35 RSGs which have complex lightcurve not suitable for deriving the P-L relation. The third category includes 23 RSGs. They are irregular variables, for which there is no possibility to find an appropriate period to characterize its light variation. They are neither considered for further study of the P-L relation in the following part of this paper. But they are the characters in our next paper on the period change of RSGs. The remaining 111 RSGs are semi-regular or LSP RSGs which are involved in the following determination of the P-L relation and classified into the fourth and fifth categories. The fourth category includes 16 RSGs, being semi-regular variables with period statistical significance less than or equal to 0.05. Among them, 4 targets are in Feast et al. (1980) , 1 in Pierce et al. (2000) , 4 in Kastner et al. (2008) and 7 in Massey & Olsen (2003) . One thing to keep in mind is that there is no clear borderline between semiregular and irregular variables. What we do is to calculate the statistical significance of the period corresponding to the minimum theta and classify the object as a semi-regular variable when the significance is smaller than 0.05 (Schwarzenberg-Czerny 1997). The fifth category includes 95 RSGs which have LSP, 31 of them have distinguishable short period. For the 16 semi-regular variable RSGs and those 31 LSP RSGs but with distinguishable short period, the period can be determined with relatively high accuracy, and suitable for discussing the P-L relation. Their periods are derived and the results are shown in Table 2 . For an intuitive view, we give the irregular, semi-regular and LSP RSGs each a sample light curve in Fig. 9 .
We also calculate the linear relation of amplitude with period for the RSGs present in Table 2 . The result is △V = (1.74± 0.54)× P − (4.25± 1.13), with rms=0.74, where △V is the full amplitude in the V band and P is the period. This is consistent with the general tendency of variables that the longer the period the greater the amplitude. The distribution of the full amplitude with the period is shown in Fig. 10 . The average periodP = 618 day and the average amplitude in the V band △V = 0.698mag.
Beside the period, the other key parameter in the P-L relation is the luminosity. Usually the luminosity is derived from the brightness in one specific band by converting through the bolometric correction. The band often used is the visual V band or the near-infrared K band. Such method has to suffer the bolometric correction factor that is relatively uncertain for RSGs. The V band further suffers the interstellar extinction from both the Galaxy and the LMC, and even the circumstellar dust, which may be serious and more importantly is inhomogeneous. The choice of the indicator of the luminosity has to be cautious.
As a trying, the period is plotted against the brightness in various bands, the visual band V, the near-infrared band K s and the Spitzer /IRAC bands. The V band completely reflects the radiation of the stellar photosphere, but it can be seriously affected by extinction (A V =0.6 mag at E(B-V)=0.2 for the Galactic extinction at the direction to LMC), in particular the targets should experience inhomogeneous extinction because they locate in different environments in LMC, which can be seen in Fig. 1 . Even if we correct the foreground Galactic interstellar extinction, it is impossible to correct the extinction of LMC since we are neither clear about the extinction structure of LMC nor the depth of the targets. So no interstellar extinction is corrected in any band, this for sure underestimates the luminosity, much in visual bands, a little in near-infrared bands, and little in Spitzer /IRAC bands. Meanwhile, the brightness in the Spitzer /IRAC long-wavelength band [8.0] must be at least partly from the emission of the surrounded dust so that it is not a right indicator of the stellar luminosity, but it has the advantage of best avoiding the effect of interstellar extinction. In spite of such various shortcomings, the linear analysis of the P-L relation is performed to every band involved in the way M λ = a log P + b. The slope a and intercept b with their dispersions are listed in Table 3 , and the fitted lines are shown in Fig. 11 and Fig. 12 .
The period-luminosity relationship does exist in the semi-regular RSG variables and the LSP with distinguishable short period in all bands, but the amount of dispersion depends on the band. In the V band the dispersion is the biggest. In the J band, and the MIPS [24] and [8.0] bands, the dispersion is relatively big, but the P-L relations are reasonably good. In the H, K, [3.6] and [5.8] bands, the dispersion is very small, and the P-L relation is very tight. The best relationship occurs in the [4.5] band. However, with very small difference, the later two groups, i.e. H, K, [3.6], [4.5] and [5.8] , all have a highly reliable P-L relation. This can be understood. In these bands, their brightness should come mainly from the stellar photosphere if the targets are cold and have no thick dust envelope. Besides, the extinction is very small in these bands. According to the newest estimation of extinction in the IRAC bands, the extinction in the [3.6] and [4.5] bands is only 63% and 57% of the K band extinction (Gao et al. 2009 ), which means only about 0.04 mag at E(B-V)=0.2 for the Galactic forground extinction, significantly smaller than the photometric error. Moreover, the variation amplitude in the infrared should be very small from the decreasing tendency of the amplitude with the wavelength, so that the one-epoch magnitude can represent the average brightness very approximately. Therefore, with the large-scale data available from Spitzer, the short IRAC bands are recommended as the luminosity indicator.
In the K S band, previous investigators already obtained the P-L relation for RSGs. In Fig. 13 , our result is compared with the P-L relation for RSGs in LMC by Feast et al. (1980) and in the Per OB1 association, LMC and M33 by Pierce et al. (2000) . It can be seen that our result doesn't agree perfectly with either of them, but close to that of Pierce et al. (2000) , and very different from that of Feast et al. (1980) . Our result is also compared with the P-L relation for RSGs in our Galaxy by Kiss et al. (2006) . Our result brings about systematically fainter luminosity than Kiss et al. (2006) , indeed, the Kiss et al. (2006) relation produces higher luminosity at a given period than that of Feast et al. (1980) and Pierce et al. (2000) as well. However, our P-L relation is almost perfectly matched with the extension of the AGB a 2 sequence of Soszynski et al. (2007) , where the objects are the so-called OGLE Small Amplitude Red Giants (OSARGs), corresponding to the sequence B of Wood et al. (1999) and identified as the first overtone radial pulsating red giants. But whether these RSGs are pulsating in the first overtone mode needs further proof because no other sequences such as the fundamental and second overtone modes are accompanied.
As the LSP is also a periodic phenomenon, the LSP RSGs are checked whether the P-L relation exists. The periods of LSP RSGs are calculated from the power density spectrum using the Period04 code (Lenz 2004) . The periods and amplitudes in the V-band of these RSGs are shown in Table  4 , where only 51 targets with the period shorter than 3000 days are listed, while the other 44 RSGs have very possibly a longer period exceeding the length of the data set that makes the period determination uncertain. It can be told that they have periods of a few thousand days, much longer than that of the semi-regular RSGs, expected from their identity as Long Secondary Period variables. Besides, the amplitude of variation is only a few tenths magnitude, much smaller than that of the semi-regular RSGs. Both the period and amplitude indicate that the LSP RSGs are a different type of variables from the semi-regular RSGs. Their origin of variation should be different too. Indeed, the origin of LSP in semi-regular variable Miras is very controversial. Many models, including radial and non-radial pulsation, binary, stellar spot models, are suggested but none of them receives general acceptance (Wood & Nicholls 2009; Nie et al. 2010) . For the LSP in RSGs, it has not even attracted much attention except for Kiss et al. (2006) . The data covering much longer time are the key to study the behavior of the LSP of RSGs. With the continuation of the ASAS project, a more reliable determination of the period and analysis of the mechanism are promising.
For an overview of the P-L relation of the semi-regular and the LSP RSGs, Fig. 14 shows their period and brightness in the K s band in comparison with the P-L relations of red giants by Soszynski et al. (2007) . It again exhibits an almost perfect match with the extension of the Sosyznski a 2 sequence, and the LSP lies between the C and D sequences. Different from the red giants, the RSGs do not form well-defined sequences. The technical reason may be the smallness of the sample and the relatively short duration of the time series. But the irregularity of the variation of RSGs brings about the difficulty in determining period and the dispersion of the relation as well.
Summary
The P-L relation of RSGs has been known to exist that gives an opportunity to extend the distance calibration from these luminous and reasonably numerous targets. With the latest optical and infrared survey data, we obtained a series of period-luminosity relations in several infrared bands, new or different from previous studies.
The preliminary sample of RSGs is ever the largest by combining a few systematic samples. To obtain a reliable match, the infrared data of our sample are selected by strict criterion with a one-arcsec search radius with the Spitzer /IRAC and MIPS databases. Although this criterion drops some targets with a little big position error, the loss in the size of the sample is acceptable from the original large sample. The final sample consists of 191 sources. To further purify the sample to be consisted of only RSGs, two more targets are dropped because they have slightly different colors and luminosity from the bulky members according to their locations in a few CMDs and TCDs.
The time-series photometric data are mainly taken from the ASAS project, supplemented by the MACHO project. Usually more than 300 measurements are available for one target and the time span is longer than a few thousand days. The period analysis is performed carefully by the PDM method and further checked by the Period04 code for consistency. Based on the derived period and amplitude as well as the shape of light curve, the RSGs are classified into five categories: 20 RSGs saturated in photometry or located in crowded stellar field, 35 RSGs with complex light curve, 23 RSGs with irregular variation, 16 RSGs with semi-regular variation, 95 RSGs with LSPs among which 31 have distinguishable short period, and 51 have a long period shorter than 3000 days that can be determined with reasonable accuracy while the remaining 44 objects have a long period exceeding the length of the data set.
The P-L relation is found to exist both in the semi-regular variable and LSP RSGs with distinguishable short period. This relationship is analyzed in various bands, from visual V , through near-infrared JHK S , to the mid-infrared Spitzer /IRAC/MIPS bands. Except the V band, the P-L relation is tight in all the other bands, and it has the least dispersion in the IRAC [3.6] and [4.5] bands that are recommended for use.
For the derived P-L relation, some attentions must be paid. First, the sample has 191 RSGs, but only 47 obey the P-L relation, i.e. 24%. It means that many RSGs do not obey the P-L relation. Before making use of the P-L relation, for example as a distance calibrator for distant galaxies, one must make sure that the tracer RSG has an accurately determined period. Moreover, the P-L relation is tighter at longer wavelengths, 3.6 and 4.5 micron in our cases, which is not affected significantly by not only interstellar extinction but also the surrounded dust of RSG itself. For this purpose, the photometry in such bands are needed.
Our work is roughly consistent with Pierce et al. (2000) in the K-band P-L relation but with better precision at longer wavelengths. Pierce et al. (2000) gave a simultaneous fitting for RSGs in the Per OB1 association of the Galaxy, LMC and M33 which may participate more uncertainty in this relation. The difference with Kiss et al. (2006) could be due to the difference in the metallicity between Galaxy and LMC or the methods in period determination.
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